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Scanning electron microscopy of the attachment of
Treponema pallidum to nerve cells in vitro
LILLIAN A REPESH,* T J FITZGERALD,t S GEORGE OAKES,* AND
R S POZOS*
From the Departments of 'Biomedical Anatomy, tMedical Microbiology and Immunology, and
*Physiology, University ofMinnesota School of Medicine, Duluth, Minnesota, USA

SUMMARY Treponemapallidum (Nichols strain) was incubated with cultured nerve cells derived
from rat embryos. Primary cultures were established from dorsal root ganglia, superior cervical
ganglia, and spinal cord. Using phase contrast microscopy treponemes were seen to interact with
the nerve cells in a similar manner to other cultured mammalian cells. Organisms began to attach
within minutes after inoculation, actively motile organisms attached at the tip of one end, higher
numbers of organisms attached with continued incubation, and attached organisms survived
longer than unattached organisms. Tpallidum attached both to nerve cell bodies and to neuronal
processes of each of the three nerve cell cultures. As shown by scanning electron microscopy the
mechanism of attachment was identical to that of cultured cells derived from rabbits testis, rat

skeletal muscle, and human cervical carcinoma. There was no indentation or swelling of the
cultured cell surface at the point of attachment, just a close physical proximity of organisms and
cells. These techniques provide a biological means of studying the in-vitro detrimental influences
of micro-organisms on nerve tissue.

Introduction

Clinical manifestations of tertiary and congenital
syphilis frequently result from treponemal damage to
the central nervous system. Parenchymatous neuro-
syphilis is characterised by pronounced destruction
of the cerebral cortex, dorsal nerve roots, and spinal
cord. Three reports have indicated that Treponema
pallidum is also present within nerve tissue in
primary syphilis, although nerve damage is not
apparent. Gregoriewl demonstrated treponemes in
the endoneurium and perineurium of nerve fibres,
and Ovcinnikov and Delektorskij2 observed tre-
ponemes in various parts of nerve fibres. Wrzolkowa
and Kozakiewicz3 showed slight degeneration of
axon terminals in lesion material; treponemes,
however, were not observed in this tissue.

Tpallidum attaches to numerous types of cultured
mammalian cells.45 This attachment appears to be
related to pathogenesis,6 and similar attachment to
host tissues in vivo may be critical in initiating
disease.7 8 To this point, treponemes have been
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shown to attach to at least 40 different types of
cultured cells derived from testis, skin, cervix,
kidney, spleen, lung, urethra, lymph node, cornea,
liver, prepuce, nose, footpad, and ear.9 This is in
accordance with the syphilitic disease process in
which Tpallidum infects most tissues of the body.
The in-vitro interaction of treponemes with

cultured cells derived from nerve tissue has not been
studied. The organisms do attach to a C-6 cell line
derived from rat glioma.'0 Glial cells, however, are
non-neuronal cells that provide structural support
but do not transmit nerve impulses. Recently,
techniques have been reported for culturing neuronal
cells from embryonic tissues. To our knowledge,
there is only one report of the in-vitro interaction of
micro-organisms with nerve cells; herpes simplex
virus damaged cells derived from dorsal root
ganglia. I I The purpose of this study was to
demonstrate the attachment of T pallidum to three
different types of nerve cells.

Materials and methods

T PALLIDUM
The Nichols strain was maintained by intratesticular
passage in rabbits. Each testis was inoculated with
1 x 107 to 3 x 107 treponemes. After a satisfactory
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FIG 1 A phase contrast micrograph of a portion of a nerve cell culture sheetfrom dorsal root ganglia. The nerve cells
grew on top of the background fibroblasts and were rounded with prominent nuclear and nucleolar regions. (x 1400)

orchitis had developed in 9-12 days animals were
killed and the testes removed, minced with scissors,
and extracted at room temperature in tissue culture
medium. This medium contained Eagle's minimal
essential medium supplemented with 4 mmol/l
NaHCO3, 30 mmol/l HEPES (N-2-hydroxyethyl-
piperazine N-2 ethanesulphonic acid), and 10%

heated normal rabbit serum (56°C for 30 minutes).
After 10-20 minutes the preparation was centrifuged
at 1000 x g for 10 minutes to sediment particulate
matter. This was followed by high-speed centrifuga-
tion at 17 000 x g for 30 minutes at 4°C. The
pelleted treponemes were then resuspended in fresh
medium at 3 x 107 to 6 x 107 organisms/ml.

NERVE CELLS
Preparations were made of dorsal root ganglia,
superior cervical ganglia, and spinal cords according
to the methods of Ransom et al.12 The dorsal root

ganglia were prepared from 17-19-day-old rat
embryos (Sprague-Dawley). Dissected ganglia were
placed into 5 ml of 0'25% trypsin in Hank's
balanced salt solution minus calcium and
magnesium. After 30 to 45 minutes at 37°C, the
trypsinised cells were washed once and resuspended
in Eagle's minimal essential medium supplemented
with 600 mg/100 ml glucose, 2% chick embryo
extract, 10% heated horse serum (560C for 30
minutes), 10% fetal bovine serum, and gentamicin at
50 Ag/ml. A volume of 0 5 ml of medium was used
per embryo. Five drops of this cell suspension were
added to 35 x 10 mm culture dishes coated with calf
skin collagen. Cultures were incubated at 37°C in
95% air and 5% carbon dioxide. After 24 hours,
15 ml medium was added and incubation
continued. After the cultures had almost reached
confluency, medium containing 10 mmol/l cytosine
arabinoside without fetal bovine serum was added
for 48 hours to decrease the amount of fibroblastic
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Scanning electron microscopy of the attachment of Treponema pallidum to nerve cells in vitro

FIG 2 A scanning electron micrograph of a portion of a nerve cell culture sheet from dorsal root ganglia. Two nerve
cells were raised and grew over the flattened fibroblasts in the background. Greater numbers of treponemes (arrows)
were attached to the fibroblasts. (x 1800)

cell background. Cytosine arabinoside was then
removed and culture medium replaced. These
cultures were maintained for 4-6 weeks; medium was
changed twice weekly.

Cultures of superior cervical ganglia were prepared
from 21-day-old rat embryos. Conditions and labora-
tory manipulations were similar to those described
above. The culture medium was additionally supple-
mented with 20 j4g/ml 7S nerve growth factor (Colla-
borative Research, Waltham, Massachusetts). A
volume of 0 25 ml medium was used per embryo.

Cultures of spinal cord were prepared from
13-14-day-old rat embryos. Meningeal coverings and
spinal ganglia were removed and spinal cord tissue
cut into 2-mm fragments. Additional procedures

were similar to those described for preparation of the
cultures of dorsal root ganglia.

TREPONEMAL INOCULATION
Nerve culture cells were gently washed three times
with 2 ml treponemal medium. Cultures were then
inoculated with 2 ml treponemes and incubated at
37°C in an atmosphere of 2 507 oxygen, 5% carbon
dioxide, and 92 5% nitrogen.

SCANNING ELECTRON MICROSCOPY
Cultures were rinsed twice in Hank's balanced salt
solution and fixed in situ with 3% glutaraldehyde in
0 1 mol/l sodium cacodylate buffer (pH 7 35) at
room temperature for one hour. After a thorough

213



214 Lillian A Repesh, T J Fitzgerald, S George Oakes, and R S PozosS? ,, ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~... .: .... = ":

FIG 3 Treponemes (arrows) attached to nerve cells derived from dorsal root ganglia after 45 minutes' incubation.
(x 3800)

rinsing with 0 1 mol/l sodium cacodylate buffer con-
taining 7 - 5/o sucrose, the cultures were post-fLxed in
1% OS04 with 0 1 mol/l sodium cacodylate for 30
minutes, washed three times in double distilled water,
stained in 2% uranyl acetate, and dehydrated in
aqueous grades of alcohol to 1000/. The samples
were critical-point dried using C02, mounted on
aluminium stubs with double-stick tape, and coated
with gold-palladium using a Hummer II evaporator.
Observations were made using an AMR 100 scanning
electron microscope.

Results

In the initial studies phase contrast microscopy was
used to characterise treponemal interaction with
cultured nerve cells. The neuronal cells can be pre-

sumptively identified morphologically. Fig 1 shows
neuronal cells as well as background fibroblasts in a
primary culture derived from dorsal root ganglia.
The larger, rounded, raised neuronal cells character-
istically grew on top of the monolayer of fibroblasts
and showed a well-defined nucleolus. The fibroblasts
which were below the field of focus showed typical
fibroblastic, flat, elongated morphology.
The treponemes attached to the neuronal and

fibroblastic cells. Attachment was identical to that of
other cultured mammalian cells.468 10 13 14Attached
organisms retained the typical motility of bending,
fle:.ing, and rapidly rotating about their axis without
moving from their site of attachment. Attachment
was usually mediated through the tip of one end of
the treponeme. Occasionally a few organisms
attached at both ends retaining active motility of the
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FIG 4 Treponemes (arrows) attached to nerve cells derived from spinal cord. These organisms were also present on the
background fibroblasts. Cells were incubated with the organisms for 45 minutes. (x 4500)

middle portion of the organism. Extensive washing
of the cultures effectively removed unattached but
not attached Tpallidum. Organisms began to attach
immediately after inoculation, and with increasing
periods of incubation higher numbers of treponemes
were attached to each cell. In agreement with other
studies, attached organisms retained active motility
at least 24 hours longer than unattached organisms;
also, heat-inactivated treponemes failed to attach,
indicating that attachment is not due to passive
sticking or to phagocytic-like activity of the cultured
cells. The above findings with cells from dorsal root
ganglia were also observed with cells from superior
cervical ganglia or spinal cord.

Scanning electron microscopy provided a three-
dimensional view of treponemal attachment to the
nerve cells. T pallidum was added to culture dishes

containing cells derived from dorsal root ganglia,
superior cervical ganglia, or spinal cord. After
incubation for 45 minutes the cultured cells were
washed three times with medium to remove un-
attached treponemes. Fig 2 shows a micrograph at
low magnification of cultured cells from dorsal root
ganglia. The two nerve cells are readily identified by
their rounded raised appearance and by their growth
on top of the background monolayer of fibroblasts.
Attached treponemes were difficult to see at this low
magnification.

Higher magnifications are shown in figs 3-5. All
treponemes present were attached; the washing pro-
cedures effectively removed unattached treponemes.
T pallidum attached to nerve cells from dorsal root
ganglia (fig 3) and from spinal cord (fig 4). Larger
numbers of organisms attached to nerve cells from
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FIG 5 Numerous treponemes (arrows) attached to the surface of a portion of a nerve cell derived from superior
cervical ganglia after 45 minutes' incubation. (x 1700)

superior cervical ganglia. Fig 5 shows only a small
portion of one of these cells which have a much
larger diameter (100 Mm) than the other two nerve
cell types (30 Mm). In these micrographs the
organisms appeared to attach along their entire
length. This was artifactual, however, as shown by
phase contrast microscopy of actively motile tre-
ponemes. T pallidum attached only at its very tip.
During fixation the organisms settled on to the
cultured cell surface giving the appearance of full
length attachment rather than tip attachment.

Besides attaching to the nerve cell body Tpallidum
also attached to the neuritic processes that extend
outward from the nerve cells. Fig 6 shows tre-
ponemes attached to a neuronal process emanating
from a cell derived from superior cervical ganglia.

Organisms were attached along the full length of the
process. Identical findings were observed with
neuritic processes of cells derived from dorsal root
ganglia and spinal cord.

In figs 3-6 nerve cells were incubated with tre-
ponemes for 45 minutes. With further incubation
increased numbers of organisms attached to each of
the three nerve cell types. Fig 7 shows a portion of a
dorsal root ganglia cell after incubation with tre-
ponemes for six hours; note the larger number of
attached organisms relative to the cell shown in fig 3.

Discussion

Syphilitic infection frequently affects nerve tissues.
In the primary stage treponemes have been seen
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Scanning electron microscopy of the attachment of Treponema pallidum to nerve cells in vitro

FIG 6 Higher magnification of treponemes associated with neuritic processes extending from a cell derived from
superior cervical ganglia. Arrows indicate organisms. (x 9000)

within nerve fibres of lesion material' 2; in addition,
some axon degeneration has been reported.3 In both
tertiary and congenital syphilis nerve destruction is
readily apparent. Clinical manifestations result from
pronounced degeneration of the cerebral cortex,
dorsal nerve roots, and spinal cord. The specific
mechanisms of treponemal-mediated damage to
nerve tissue are unknown. Tissue culture has
provided a valuable means of elucidating some
aspects of the pathogenesis and immunology of T
pallidum.7 It has been suggested that attachment of
treponemes to host tissues is a critical part of the
disease process.4 6 The unique in-vitro system
described in this paper should provide useful
information about potential in-vivo influences of T
pallidum on specific nerve tissues.

Our findings represent the first demonstration of
the in-vitro interaction of bacteria with cultured
nerve cells. T pallidum attached to nerve cell bodies
and to neuritic extensions of cells derived from dorsal
root ganglia, superior cervical ganglia, and spinal
cord. This attachment is quite similar to that des-
cribed for other cultured mammalian cells.4 5 8 10 13 14
Organisms began to attach within minutes after
inoculation, and with continued incubation higher
numbers of treponemes attached. The cultured cells
prolonged treponemal survival as shown by the better
retention of motility of attached compared with
unattached treponemes. In addition, heat-inactivated
T pallidum failed to attach. Phase contrast micro-
scopy of viable preparations showed that attach-
ment involved the tip of the organisms interacting
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FIG 7 After six hours' incubation treponemes formed a dense network on the surface of a portion of a nerve cell
derived from dorsal root ganglia. (x 5900)

with the nerve cell surface. Attached organisms
retained characteristic motility of bending, flexing,
and rotating without moving from the point of
attachment. Scanning electron microscopy of fixed
preparations showed that there was no indentation or
swelling of nerve surface topography at the point of
attachment. This confirms previous scanning
electron microscopy of treponemal attachment to
cultured cells derived from rabbit testis, rat skeletal
muscle, and human cervical carcinoma.8 1516

Because appropriate techniques are available,
tissues derived from embryonic rats were used.
Syphilitic infection of rabbits mimics infection of
humans; in contrast, infection of rats results in
minimal tissue response.-7 Overt clinical lesions
usually do not occur and it is difficult to detect

organisms in tissues. Treponemes in asymptomatic
infection can be shown by transfer of lymph node
material to rabbits, who subsequently develop
syphilitic lesions.'7 The interaction of T pallidum
with cultured cells derived from rabbits is compar-
able to the interaction with cultured cells derived
from species that show minimal syphilitic infection
such as rat, mouse, dog, monkey, and pig.6 13 14 It is
likely that the basis for minimal infection in these
animals is not attributed to innate differences within
tissues. More probably, the lack of symptomatic
infection reflects differences in either serum factors
or in more effective humoral and cell-mediated
immune responses.9 Thus, relevant insights into the
pathogenesis of Tpallidum should result from these
studies using nerve tissue derived from rats.
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